Introduction. The universal finite-element gas-dynamic package ANSYS CFX offers developers flexible and effective algorithms for numerical simulation of gas-dynamic and thermophysical processes. This is largely due to the fact that the application of nonstructured finite-element meshes makes it possible to consider the gas dynamics and the heat exchange in multidimensional regions of arbitrary geometry. The above package can also be used to calculate the aerogasdynamics of jet nozzles that is an integral part of the gas dynamics of flows in channels, the theory of aircraft and rocket engines, and the aerodynamics of flying vehicles [1].
. Geometrical shape of the microengine nozzle (section on the joint surface). use of finer meshes makes no appreciable contribution to the accuracy of results but leads to a considerable increase in the calculation time.
We solved the problem of determining the time dependence of the temperature field of the microengine case (one element of the propulsion system of the microsatellite) and the gas velocity field along the length of its nozzle. This process is described by the standard energy balance equation and the equation of heat transfer with the environment:
where h tot is the total enthalpy related to the static enthalpy h(T, p) by the relation
The term US im describing the external impulse work is neglected in the existing realizations of the program product.
To simplify the problem, the heat transfer into the environment (body of adjoining elements of the assembly) was simulated with the use of a heat transfer coefficient at the boundary equal to 10 W ⁄ (m 2 ⋅K), and the radiative heat exchange was taken into account by introducing an emissivity equal to 0.7. The intrinsic viscosity of the gas was determined by a coefficient equal to 18.8⋅10 −6 Pa⋅s. The obtained temperature distributions on the microengine case as a function of time are given in Fig. 2 . Figure 3 shows the time dependence of the maximum temperature of the microengine case. As is seen from this graph, the microengine case is heated uniformly throughout the time of its operation.
The gas flow turbulence in the nozzle was determined with the use of the standard k-ε model. This model includes two transport differential equations for calculating the kinetic energy k and the turbulent dissociation ε. It permits obtaining stable results, does not require considerable computational resources, and has been used for a long time as an industrial standard. The above model proved to be effective in calculating internal flows but presents problems in calculating flows with large pressure gradients and separation and gives the beginning of separation with a large delay and underestimated sizes of detached flows [3] .
The application of the k-ε model presupposes the solution of two additional equations for the turbulent kinetic energy and dissipation rate:
Here the generation of dissolution [3] consists of three terms, the first two of which define the generation of dissipation due to the turbulent mixing in the averaged motion, and the last term in the pulsation motion. The term ρε is called dissipative and defines the dissipation of turbulence dissipation [3] . Strictly speaking, all terms on the right-hand side of Eqs. (3) and (4) require special modeling, since the system of these equations in any combination with equations for turbulence characteristics is not closed. Such modeling can be carried out by direct numerical calculation (e.g., DNS); however, such a calculation requires considerable resources and is used in exceptional cases. Therefore, we used conventional values of parameters in solving the problem under consideration [4] . With the use of the accepted turbulence model from Eqs. (1), (2) we obtain the distribution pattern of the gas velocities along the entire nozzle of the microengine (Fig. 4) .
To take into account the thermomechanical deformations and stresses arising in the construction, we solved the system of Duhamel-Neumann equations: Figure 5 shows the time dependence of thermomechanical deformations arising in the microengine case plotted with account for the temperature dependence of the elastic modulus of silicon. As is seen from the plot, the thermomechanical deformations increase practically linearly with time. This plot correlates fairly well with the plot of the microengine case heating shown in Fig. 3 . Analysis of the dependences presented in Figs. 3 and 5 shows that the dominant contribution to the development of deformations of the microengine case is made by the "temperature" component.
Analysis of the Obtained Results. To solve the problem under consideration, a triangular net was used. Approximation was carried out by the Lagrange polynomial of the second kind, since the use of the third-order approximation scheme leads to a considerable nonmonotonicity of the solution. In turn, the presence of nonmonotonicity leads to a strong distortion of the flow topology [5] . For an individual cell we considered the practically ideal case where its six sides participate in the convective and radiative exchange, but since the real construction represents an assembly from 5 or 25 such cells, the radiative and convective heat exchange will only be present on the facets of the assembly. Therefore, strong heating of the central cell that can lead to the fuel ignition in the adjoining cells is possible. To assess the possibility of preventing it, we decided to introduce a SiO 2 barrier layer [6] of thickness 1 μm. This thickness was chosen with account for the technological features of the SiO 2 film formation. The results obtained for such a microengine are shown in Figs. 6, 7. As is seen from the plot presented in Fig. 7 , the introduction of the SiO 2 barrier layer for a single cells does not lead to an appreciable change in the temperature field distribution over the case surface. The influence of the SiO 2 layer for an assembly of five cells (Fig. 8) is shown in Fig. 9 . The need for a separate analysis of the assembly of cells is due to the possible influence of the working cell on the state of the neighboring cells. As follows from Fig. 9 , in the presence of a SiO 2 -layer the heating of the neighboring cells is weaker when the fuel cell operates for a time longer than Conclusions. With the aid of the ANSYS CFX finite-element package, the coupled thermomechanical problem of determining the stressed-strained state and temperature fields for a propulsion system made by silicon technology has been considered. With account for the k-ε turbulence model, the gas velocity field along the full length of the microengine nozzle has been found.
Analysis of the thermomechanical deformations arising in the microengine case has shown that its structural integrity is not affected in the process of operation and the product is functionally serviceable. Local regions of overstresses in a real structure that are due to heating can relax and do not lead to a failure of the cell. Taking into account the operation of not one cell but of a matrix of 25 cells, it is expedient to use a barrier layer of silicon dioxide in order to decrease the temperature of the microengine case.
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